Introduction
Sungai Batu area located in Lembah Bujang district, have revealed iron smelting sites, jetty remains and clay brick monument which believed to be dated before 110AD. It was recorded as the oldest man-made structure in Southeast Asia [1] . These makes archeologist interest in exploring Sungai Batu area and excavation has been made base on existing ancient monument which is still fixated on the surface. However, they believe that there are some other ancients monument buried in the ground which is difficult to locate with random excavate. Conventional method applied for archeology study provide limited information and sometimes no clue on unexcavated subsurface archeological aspect [2] . Nevertheless, researchers have found that geophysical method can be associated with geoarcheological investigation and it has changed the scientific approaches toward archeological study [3] .
An application of geophysics for archeology study start from early 1950's. With evolution of technology, geophysical method becoming more reliable for investigative tools. Geophysical approach allows the physical parameters of subsurface to be mapped in large-scale of exploration area. In some cases, geophysical survey can provide useful information on shape and depth of buried structures and provide subsurface formation which related to ancient river. The most commonly applied geophysical method is ground resistivity method which provide specific electrical resistivity of subsurface material.
The method is suitable in detecting buried structure, cavities and other structures at differing depth [4;5;6;7;8] .
The exploration of intensive geophysical field surveys was implemented with the objective of exploring the buried ancient river and ancient structure of Lembah Bujang civilization. The outcome of the ground resistivity exploration was prepared to help archeologists for further excavation and identifying previous excavated site yet contained reasonable buried structure.
The next sections represent detail study area including geological aspect, methodology, data processing, 2-D pseudo section of contoured resistivity data and anomaly source as focused by 3-dimensional contoured map based on archeological significance.
Study Area
Study area was located at Sungai Batu, Kedah (Malaysia) which considered by archeologists as a historical area with sign of civilization. The area situated in Lembah Bujang district near Merbok in northwestern Peninsular Malaysia. Researche on Sungai Batu civilization increases and it was proven that the area was a religious center in the country and earliest entrepot. Sungai Batu role has been discovered from the archeological evidence with the existing of statues, Hindu-Buddhist temple, beads, and porcelain [9;10] The study area was situated in sungai Batu area near Sungai Merbok and Gunung Jerai. Gunung Jerai is made up of two rock types which is sedimentary rocks and granite (western region). The sedimentary rock of Gunung Jerai was formed from Cambrian Age, consists of sandstone or metasandstone with mixture of siltstone, shale and minor conglomerate ( Figure 1 ). Mid-south of Kedah was documented as marine soil area in the first and second century. The area was changed to be flat landed area in the year of 1400 since the sea level was rise [11] . The lithology of the area is sandy clay covered with fine sand. The sediment was carried from the river flow and deposited around this area. Now, the topography of the study area was flat landed fill with palm oil and rubber tree. There are few swamp and small river located at the eastern part of the area. 
Methodology
Ground resistivity originally started in 1920's discovered by Schlumberger brothers, with basic measurement of four electrodes in measuring one point of data. After 60 years, this method has been modified to increase computable interpretation, and sounding survey [13] . Further enhancement of this method was found [14] , where a multi-electrode resistivity equipment has been invented, combining with a new creation of inversion software for 2-D resistivity survey interpretation [15] . The used of 2-D resistivity method is to visualize the subsurface pseudo-section where the true resistivity is predicted by measuring on the ground surface [16] . Ground resistivity basic theory remains the same since 1920's which measures the electrical potential contrast at specific locations while injecting a specific arrangement of electric current at other locations [17] . Usually, the 2-D resistivity method apply about 25 to 100 of electrodes, laid on a straight line with constant spacing. To produce a better 2-D picture of subsurface, the coverage of the data point must be on 2-D as well. Figure 2 shows the possible outcome of evaluation for the Wenner electrode array for an arrangement of 20 electrodes. Electrode 1, 2, 3, and 4 was used as the first measurement which electrode 1 and 4 was used as current source C1 and C2 followed by electrode 2 and 3 used as potential electrode P1 and P2. The next measurement continues by selecting electrode 2,3,4, and 5 used for C1, P1, P2 and C2. The process was repeated until electrode 17, 18, 19 and 20. After completing the sequence, the spacing of measurement increasing multiplier by 2 which increasing depth penetration by using electrode 1, 3, 5 and 7 followed by next measurement using electrode 2,4,6 and 8 until electrodes 14,16,18 and 20. The processed continue by increasing the spacing multiplier until maximum spacing can reach. All the measurement was controlled by a computer-controlled system which automatically select an active electrode for measurement. Figure 2 . The establishment of electrodes for a 2D electrical resistivity survey and the sequence of measurements used to build up a pseudosection [17] .
The ground resistivity method measures resistivity valueof the subsurface materials. Table 1 shows resistivity values of common rocks and soil materials [18] . Usually, Igneous and metamorphic rocks indicate high resistivity values. The resistivity value of these rocks mainly based on of fracturing level and water content. Generally, water table in Malaysia is shallow, and fractures are filled with water which effect the resistivity value of rock to reduce. The higher the fracturing, resistivity value of the rock will become lower. Soils above the water level are usually drier and indicate higher resistivity value, while soils below the water table generally have resistivity values of less than 100 Ωm. 
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The study located at Sungai Batu, Kedah (Malaysia) which localized at 5.697099°N, 100.449495°E to 5.695385°N, 100.451504°E (Figure 3 ). Ground resistivity measurements were performed using multielectrode resistivity meter system (ABEM Terrameter SAS 4000 system) with wenner-schlumber array to investigate the hydrogeological conditions. Five ground resistivity survey lines was conducted which L1-L4 were 150 m long each and L5 was 100 m long. Each length survey line is pegged with 51 stainless steel electrodes for 150 m long and 41 stainless steel electrodes for 100 m long at 2.5 m spacing. The connecting cable (jumper) was used to connect the electrode with the cable take-out. To obtained high-quality electrical resistivity measurements, the resistance between the soil and electrode was measured to check if the contacts were reliable and consistence. The current was set between 1 to 50 mA. A computer-controlled system was used to automatically select the active electrodes. The data was process using res2Dinv software to produce inversion model of actual subsurface structure [16; 19; 20;21] . Least-squares inversion technique was applied to reduce measured resistivity to apparent resistivity value. The inversion routine utilized by the software was based on the standard constrained technique that attempts to minimize the square of the difference between the observed and calculated apparent resistivity values. The apparent resistivity from which pseudo sections were developed and subsequently inverted to true resistivity 2-D section (Figure 4) A 3D contour maps were developed from the processed resistivity data using Surfer 13 software and presented in depth slices for interpretation based on the resistivity table (Table 1) . Figure 5 shows resistivity inversion model of L1 -L5 with max penetration depth of 38 m and resistivity value of 0 -3000 ohm.m. Generally, they are classified into two main resistivity values which is >300 ohm.m located at the top and bottom of all the sections, and <300 ohm.m which located all in the middle of the section. The top section interpreted as dry and low conductance while the bottom section is interpreted as original ground [11] . The middle section interpreted as saturated soil (clay/sandy clay). 
Results and Discussion

Conclusion
Ground geophysical technique of resistivity are widely used for various application, including environmental studies (e.g. oil spills), groundwater exploration in finding aquifer, lithology variation and archeological exploration [22;23;24] . However, the accuracy and effectiveness of these techniques in site exploration are based on ancillary data (geological data) which are enhanced when integrated together which define the aim of investigation. Therefore, to enhance the target interpretation, the physical signature must be acquired in investigation to increase prediction. For this study, the 3D contour map gives a significant homogeneous data which give better visualization when the interpretation was made for each depth. With help of ground resistivity study and extracted out using 3D contour map technique, the ancient river is almost visible. From the result obtain can finalized that the the ancient river was buried about 7 -8 m depth below ground level and the depth of ancient river was about 17 -19 m deep which is possible that the Lembah Bujang was known as the largest port in Kedah long time ago. Results also found some unknown anomaly at the middle of study area where the length of the unknown object was about 9 m and 5 m width. The buried object need to be confirmed by further research by focusing on it and the coverage area of study need to be widen where from the results obtain gives narrow coverage area and it is hard to identify the riverbank.
